Two immunizing methods (Trickle or single immunizing doses) against E. acervulina were tested in chickens. The effects of immu nization and challenge upon growth, oocyst output and circula ting antibodies response (IgG) were compared. Neither immuniza tion method produced pathogenic effects, similar numbers of oocysts were produced, and the levels of IgG in serum were similar and low in each case. After the challenge, immunized birds showed a high level of resistance but susceptible controls produced very large number of oocysts and showed a marked reduction in the growth. Birds immunized by a trikle infection produced oocysts on two days only and the total number of oocysts per bird was very low, whereas those immunized by a single infection produced oocysts over a period of nine days and the total number of oocysts was higher. Susceptible and birds immunized by a single inocula tion showed similar IgG concentration and these were statistically higher than birds immunized by a trickle infection. In susceptible birds the kinetic of IgG was delayed about 4 days. 
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INTRODUCTION
Circulating antibodies to Eimeria infections in chicken have been demonstrated by a number of tests in wich both particulate and soluble antigens have been used (Rose, 1982) .
The ELISA test is suitable for detection of antibodies pre pared from different developmental stages of Eimeria s.p.p. (Rose and Mockett, 1983 ; Saatara et al., 1984 ; Mockett and Rose, 1986) , and is more sensitive than IHA and IFA tests.
The present study was undertaken to compare a single and a trickle immunization with 20,000 oocysts of E. acer vulina, analysing the effect of these infections and a sub sequent challenge infection, on the growth of the birds, oocysts output and circulating IgG response.
MATERIALS AND METHODS

Birds
Day-old male light hybrid chicks (Ross Rangers) were obtained from a commercial hatchery and reared coccidia-free in wire-floored brooders in isolation until they were used in the experiment at seven days old (Day 0 of the experiment). No anticoccidial or anti biotic compounds were present in the food.
P arasites
The Weybridge strain of E. acervulina was used. Birds were infected by inoculating oocysts directly into the crop.
Oocysts were 10 days old at Day 0. A fresh suspension was pre pared for the challenge infection, and these oocysts were 10 days old at Day 21.
E x perim ental design
Chicks in Group A were dosed with 1,000 oocysts for 20 days. Those in group B received 20,000 oocysts in a single dose given on Day 0, and chicks of Group C were non-infected controls. The total faecal output was collected from each replicate daily from Day 5 to Day 42, and the oocyst output per bird per day was estimated by standard methods (MAFF, 1986) .
MULTIPLE OR SINGLE IMMUNIZING DOSES OF
Serum samples
Serum samples were obtained from clotted blood taken by wing vein puncture at different times after immunization and challenge (on alternate days from 7 to 21, 24 to 36, and Day 42). The serum samples were centrifuged before storage at -20° C.
A n tigens Soluble antigens were prepared from sporulated oocysts of E. acervulina as described previously by Rose (1977) . Protein deter mination was carried out by the method of Lowry et al. (1951) .
ELISA test
These were carried out as described by Voller et al., 1976, using reaction volumes of 100 µl in microtitre plates (Dynatech Labora tories). The antigen, antiserum and conjugate were optimised before use. All plates contained positive and negative reference sera. Anti genes were diluted in carbonate buffer pH 9.6, to contain 150 µg protein ml.
The plates were incubated overnight at 4° C and then washed with PBS pH 7.2 containing Tween 20 (PBST). Any remaining non-specific sites were blocked by incubation for 45 minutes at 41° C in PBST containing 3 % bovine serum albumin (BSA, Sigma, London Chemical Co). This diluent, and these incubation condi tions were used for subsequent steps.
Serum was diluted in 3 fold steps from 1/30 to 1/21,870. Goat globulin raised against chick Fc portions of IgG (Nordic Immunological Laboratories) was used at a dilution of 1/100. Peroxidase conjugated rabbit anti-goat IgG (H + L) was used at a dilution of 1/300. The substrate used was 5-aminosalycilic acid and incubation was for 30 minutes at room temperature. The plates were washed three times between each step. Absorbance values were read on an automatic micro-ELISA reader (Dynatech Labo ratories).
Statistical analysis
Live weight and IgG level were subjected to analysis of variance (Steel and Torrie, 1960) and group treatment means into each day compared by Duncan test.
RESULTS
G r o w t h
The effects of the immunizing and challenge infections on live weight are given in (1) SEM : standard error mean; (2) NS : not significant; * : P <0.05; ** : P < 0.01; *** P < 0.001; (3) Challenge on day 21 (1,000,000 oocysts/bird) ; (4) Infection on day 21 (1,000,000 oocyst/bird) ; (5) Values in a horizontal line showing different superscripts are significantly different. dation of growth during immunization. After challenge there were no significant differences between immunized Groups A and B and the non-infected control, Group C. In the susceptible birds, Group D, however, the daily mean weight decreased slightly on Day 25 (Table I , P < 0.05) and this became marked on Days 26 to 31 (Table I , P < 0.01 or P < 0.001). Weight gains improved on Day 37, but remained significantly below that of the other groups (Table I P < 0.05).
There were no significant differences among the four groups at the end of the experiment.
Oocyst production
The pattern of oocyst output of the different groups of birds during the immunization and challenge periods in given in Table II .
During immunization, birds which received a single dose produced nearly the same number of oocysts (20 X 106 per bird) as those which received 1,000 oocysts daily for 20 days (21.8 x 106 per bird). The bulk of oocysts from the single-dosed group appeared on Day 5, whereas the output from trickle-infected birds spread over several days and the period of patency was extended by one day.
After challenge, susceptible chicks in Group D produced 484 million oocysts per bird. Those which had received a single immunizing dose (Group B) produced 19 million oocysts per bird during a patent period of 9 days, whilst Group A, which had received a trickle infection, produced only 22 thousand oocysts and patent period was reduced to 2 days (Table II) .
Antibodies in serum
The results of assay for the presence of specific IgG in serum are shown in Figure 1 .
The points represent the mean values of 25 birds from Days 7 to 21 ; 20 birds for Day 24; 15 birds for Days 26 and 28; 13 birds for Day 30 and 10 birds thereafter.
Specific IgG was not detected during the immunization period except on Days 17, 19 and 21, when small amounts were recorded in a few birds only (Fig. 1) . After chal- Table II . lenge, the IgG antibody level increased rapidly to reach its highest concentration on Days 28 (7 days after challenge) and then slowly declined in Group B and more rapidly in Group A. In susceptible controls (Group D), this profile was delayed and IgG antibodies were first detected on Day 26, reaching their maximum 6 days later (Fig. 1) . The sera of non-infected chicks (Group C) remained nega tive immunoglobulins throughout the experiment.
-The oocyst production (thousands of oocysts per bird) in groups of one-week-old chicks inoculated with 1,000 oocysts of Eimeria acervulina daily for 20 days (A) or a single of 20,000 oocysts on day 0 (B) and after
In order to establish if there was any relationship among treatments and end point values for IgG, an analysis of variance was carried out on the log3 of the reciprocal end point titre. The results are given in Table III .
Immunized chicks showed similar concentration of IgG on Days 17 to 28. However there were significant diffe rences in the value for IgG on Days 19 and 24 (P < 0.05). On Days 30 to the end of experiment chicks immunized by a single infection showed values statistically higher than chicks immunized by a trickle infection (P < 0.05 or P < 0.01) (Table III) . Susceptible chicks showed a lower concentration for IgG on Days 26 to 30 than chicks immu nized by a single infection, however there were no signifi cant differences between both treatment groups on Days 32 to the end of the experiment (Table III) .
DISCUSSION
The inoculation of 20,000 oocysts of E. acervulina to 7 day-old chicks, administered either as a single dose or by 20 daily doses of 1,000 oocysts produced no pathogenic effects (Table I) , whilst the total number of oocysts pro duced per bird was similar in each case (Table II) .
A very high level of resistance to reinfection was con ferred by both multiple and single infections. After the immunized birds were challenged on day 21, their liveweight gain remained similar to that of non-infected controls (Table I) . Immunized birds passed only a few oocysts, but susceptible controls produced very large numbers (Table II and the birds showed a marked reduction in growth (Table I ). There were some differences in the level of resis tance conferred by a single or multiple immunizing doses. Birds which received the trickle infection produced oocysts on two days only and the total number of oocysts per bird was very low, whereas those challenged after a single inoculum produced oocysts over a period of nine days and the total number of oocysts per bird was nine hundred times more (Table II) .
Trickle infections have been shown to confer a stronger and longer lasting immunity than a single inoculum con taining the same number of oocysts (Joyner & Norton, 1976) . On this occasion the phenomenon was supported by the difference in the duration of patency and by the total number of oocysts produced.
Serum IgG was first detected 17 to 19 days after immu nization. The levels were generally low, and not all birds became positive. This may have been due to the low dose of 20,000 oocysts of E. acervulina, a species which is poorly immunogenic. Kuil et al., (1977) and Saatara et al., (1984) have shown that antibody response is directly related to the number of oocysts inoculated.
After challenge immunized chicks showed IgG response which was more rapid and more intense than primary res ponse (Fig. I) . Susceptible chicks had similar IgG response to chicks immunized by a single infection. There was a slight difference however in the kinetic of IgG between both treatment groups. Chicks immunized by a single infec tion showed a high concentration as early as 5 days after challenge, whereas in the susceptible chicks, peak concen tration was delayed by about 4 days (Fig. I) . It seems that the use of 20,000 oocysts of E. acervulina administered as a single dose produced a lower antigenic stimulus to determine the antibody response on the second contact with antigen to be more intense. Our results agree with those of Mockett and Rose (1986) indicated the serum IgG and the biliary IgA responses reappeared after the second and third inocula but there was no convincing evidence of anam nesis since the kinetics were largely similar to those found in the primary response.
The concentrations for IgG in the sera of chicks immu nized by a trickle infection were significantly below that chicks immunized by a single infection. This may have been due to the degree of immunity produced by the mode of immunization. Rose and Mockett (1983) and Tanielian et al., (1976) showed that challenge inoculations given after the establishment of complete immunity do not usually result in increased concentrations of antibodies. On this occasion, chicks immunized by a trickle infection showed a higher level of resistance than chicks immunized by a single inoculation since the last group produced a higher number of oocysts and had a prolonged patent period.
The present results demonstrate that the IgG antibody class appear following oocysts infection but it seems their value in protection is restricted since the pattern of IgG was similar between susceptible chicks and those immunized by a single infection. However they were susceptible and resistant, res pectively, to challenge with E. acervulina, as judged by weight loss and reproduction of the parasite. Mockett and Rose (1986) indicated that immunity to Coccidiosis is T-cell depen dent and cell mediated immune responses are probably of paramount importance, antibodies do participate in protec tion per se and, possibly, as modulators of cellular responses.
